Invasive species are widely recognized as important drivers of the ongoing biodiversity crisis. The US state of Florida is especially susceptible to the proliferation of invasive reptiles, and nonnative lizards currently outnumber native lizard species. At present, there are 3 documented breeding populations of the Nile monitor (Varanus niloticus) in different regions of Southern Florida, and these populations are considered potential dangers to threatened, fossorial endemics, such as burrowing owls, American crocodiles, and gopher tortoises. Nevertheless, at present, both the introduction histories of these populations and the degree to which they are connected by gene flow are not known. To address these issues, we genotyped V. niloticus from Cape Coral, Homestead Air Reserve Base, and West Palm Beach at 17 microsatellite loci and conducted a variety of analyses to assess both intrapopulation genetic diversity, the degree of gene flow between populations, and the most likely introduction scenario. The results of our analyses demonstrate that all 3 populations have limited genetic diversity (mean number of effective alleles across loci in all 3 populations ~ 2.00) and are highly differentiated from one another (G ST = 0.268; G″ ST = 0.628). Our results also suggest that these populations resulted from independent introduction events that occurred within the past few decades. Consequently, we advise that wildlife managers focus management efforts on containment of existing populations and intensification of monitoring efforts on potential migration corridors.
the establishment of exotic species once released from captivity (Corn et al. 2002; Hardin 2007) . Consequently, it is not surprising that the number of nonnative lizard species currently outnumbers native lizard species in Florida (Pernas et al. 2012) .
The Nile monitor (Varanus niloticus) is native to sub-Saharan Africa and was first observed in the southwest region of Cape Coral, Lee County, Florida in 1990 (Luxmore et al. 1988 Enge et al. 2004 ). At present, there are documented breeding populations of this species in Cape Coral, West Palm Beach, and on the Homestead Air Reserve Base (Figure 1 ; Table 1 ) (Florida Wildlife Commission 2015) . V. niloticus is of particular concern because it is highly mobile, capable of reaching sexual maturity at 2 years of age, has clutches of up to 60 eggs, and is capable of achieving high densities (de Buffrénil 1992; de Buffrénil and Rimblot-Baly 1999) . These large lizards are typically found in close proximity to water and, in Florida, seem to do particularly well in disturbed areas near canals (Faust 2001; Campbell 2005) , which have similar habitat characteristics to the marsh edges and mangroves they inhabit in their native range (Lenz 1995) . Dietary studies from Africa have shown that monitors are generalist predators that prey upon insects, mollusks, amphibians, birds, bird eggs, reptiles, reptile eggs, and small to moderately sized mammals (Losos and Greene 1988; Bennett 2002) . Because Nile monitors are semiaquatic and adept at burrowing, it is probable that they will negatively impact endangered gopher tortoises (Gopherus polyphemus), American crocodiles (Crocodylus acutus), burrowing owls (Athene cunicularia), and other species that are endemic to Florida (Enge et al. 2004; Campbell 2005) .
Currently, the introduction histories of Florida's V. niloticus populations are not known. However, because Nile monitors are inexpensive and commonly available via the North American pet trade, their establishment is usually attributed to release by reptile enthusiasts who became discouraged by their large size and aggressive temperament, or breeders who wanted to establish local populations (Enge et al. 2004) . Despite what is known about the ecology and natural history of V. niloticus, very little is known about the genetics of wild, invasive populations. This is unfortunate because such information could inform management strategies that seek to eradicate these populations or prevent further introductions through identification of management units (Abdelkrim et al. 2005; Rollins et al. 2009 ). Management units are an important component of developing realistic and cost-effective management strategies (Abdelkrim et al. 2005 ) because isolated populations are generally easier to control than populations connected by dispersal. Thus, complete eradication may be a viable option for small and moderately sized populations that exhibit marked genetic differentiation. However, when little genetic differentiation is present across the range of invasion, indicating potentially connected breeding populations, control may be a more realistic goal (Rollins et al. 2009 ). With respect to documented populations of V. niloticus in Florida ( Figure 1 ; Table 1 ), it is currently unclear whether there is dispersal between populations in different regions of the state. In order to generate a better understanding of the introduction histories and the population genetic dynamics of V. niloticus in Florida, we used polymorphic microsatellite loci to conduct a variety of analyses to assess intra-population genetic diversity, the degree of gene flow between populations, and the most likely introduction scenario.
Materials and Methods
Field sites, Sampling, and Tissue Collection V. niloticus specimens were obtained from 3 locales in southern Florida: the City of Cape Coral, the C-51 canal in West Palm Beach, and the Homestead Air Reserve Base (Homestead; Figure 1 ; Table 1 ). In Cape Coral, V. niloticus inhabits most of the freshwater canals Table 1 for key to labels). located in the southwestern region of the city, and this population is believed to be the largest in Florida (EddMaps: https://www.eddmaps.org/distribution/viewmap.cfm?sub=18353). Since 2004, one of us (T.S.C.) has collected 420 specimens from this locale-a subset of which was used in this study. V. niloticus samples from Homestead were collected by Environmental Flight of Homestead Air Reserve Base and USDA-APHIS personnel between 2010 and 2012. This population is believed to be the smallest of the 3 populations in Florida. Only 10 specimens have been collected from this site to date, and tissues from all 10 were used in our study.
DNA Isolation and PCR-based Genotyping
We obtained muscle tissue samples from a total of 67 lizards (Cape Coral: N = 40; West Palm Beach: N = 17; Homestead: N = 10), and extracted genomic DNA using the Wizard Genomic DNA Purification Kit (Promega) according to the manufacture's instructions. We examined 17 microsatellite loci developed from V. niloticus, 9 of which have dinucleotide repeat motifs (Mon1, Mon2, Mon3, Mon4, Mon6, Mon8, Mon9, Mon10, Mon12) 4 of which have trinucleotide repeat motifs (Mon13, Mon14, Mon15, Mon16) , and 4 of which have tetranucleotide repeat motifs (Mon17, Mon18, Mon19, Mon20; Wood et al., in press ). When these loci were under development (Wood et al. in press), we conducted initial screening using 11 samples from Cape Coral. During this phase of marker development, 5 independent PCRs were performed on these 11 samples for all 17 loci without disagreement in genotype among any of the replicate reactions for each respective sample by locus combination. All genotyping reactions followed the nested PCR approach described by Schuelke (2000) , had final volumes of 25 μL and contained 2 μL of template (DNA concentration between 10 and 100 ng/μL), 1× buffer, 1.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.8 µM of non-M13(-21)-twinned primer, 0.8 μM 0f 6-FAM labeled M13(-21) primer, 0.2 μM of M13(-21)-twinned primer, and 0.625 units of GoTaq polymerase (Promega). Reaction conditions were as follows: 2 min at 94 °C followed by 25 cycles of 94 °C for 30 s, 30 s at 63 °C decreasing by -0.3 °C per cycle, and 72 °C for 40 s, followed by 8 cycles of 94 °C for 30 s, 53 °C for 30 s, and 72 °C for 40 s, followed by a final extension step of 30 min at 72 °C. Successful amplification was confirmed via electrophoresis using 2% agarose gels, and fragment analysis was performed using an Applied Biosystems 3730 and GENESCAN 600 as an internal sizing standard (Arizona State University). All loci were scored manually using PEAK SCANNER 1.0 (Applied Biosystems). Allelic bins were determined by graphically examining the rank-ordered fragment size distributions of each locus, so that we could identify breaks in the amplicon sizes (Guichoux et al. 2011) . We then wrote functions in Microsoft EXCEL to bin the data from each locus into discrete classes that were defined by each allele's empirically determined size range. MICRO-CHECKER 2.2.3 (Van Oosterhout et al. 2004 ) was used to examine each locus for evidence of null alleles, large allele dropout, and scoring errors. We used GENALEX 6.5 (Peakall and Smouse 2012) to calculate several summary statistics including: number of alleles, effective number of alleles, observed heterozygosity, and expected heterozygosity. We also used GENEPOP 4.3 (Rousset 2008) to test for departures from Hardy-Weinberg proportions and genotypic equilibrium. GENEPOP 4.3 was also used to calculate the Weir and Cockerham (1984) estimator of F IS . Finally, we used POPGENKIT (http://cran.r-project.org/web/packages/PopGenKit/ index.html) to construct rarefaction curves (sampling interval = 1, number of replicates = 1000) and determine allelic richness (A R ; standardized to a sample size of 10).
Summary Statistics and Quality Control

Assessment of Population Structure
In order to determine the degree of genetic differentiation between the V. niloticus populations in Cape Coral, Homestead, and West Palm Beach, we used a variety of approaches. First, we used GENALEX 6.5 (Peakall and Smouse 2012) to calculate G ST values based on Nei and Chesser's (1983) unbiased estimators of H S (i.e., the HardyWeinberg expected heterozygosity averaged across subpopulations) (Pritchard et al. 2000; Falush et al. 2003) to estimate the number of populations (K) and to assign individuals to populations (i.e., clusters). Because one of us (S.A.D.) is involved in ongoing work that suggests all 3 Florida populations are derived from a single evolutionary lineage in West Africa, we used the correlated allele frequencies model. In addition, we allowed for the possibility of admixture. We conducted 10 replicate STRUCTURE runs for K = 1-6 (burn-in period = 500 000, number of MCMC reps after burn-in = 500 000) and used STRUCTURE HARVESTER (Earl and Vonholdt 2012) , CLUMPP (Jakobsson and Rosenberg 2007) , and DISTRUCT (Rosenberg 2004 ) to visualize and interpret the results.
Among-Population Gene Flow
To examine the possibility of post-introduction admixture among populations, we assessed the degree of recent gene flow with BayesAss 1.3 (Wilson and Rannala 2003) . This method uses a coalescent approach to infer pairwise migration rates during recent generations. We performed 10 8 iterations, with a sampling frequency of 2000 and a burn-in of 10 7 . Convergence was assessed based on visual inspection of the likelihood scores as well as consistency of the results across 3 independent runs.
Because small, variable sample sizes may affect migration estimates with this method, we also used GENECLASS2 (Piry et al. 2004) to perform assignment tests via Paetkau's (1995) frequency-based criterion. For this analysis, the default frequency for missing alleles was 0.01, the Monte-Carlo resampling method was that of Paetkau et al. (2004) , the number of simulated individuals used for the probability computations was 10 000, and the type I error rate was 0.01. We also used GENECLASS2 and Paetkau's (1995) likelihood computations to test for the presence of first-generation migrants. L_home is the likelihood that an individual's genotype originated from the population in which it was sampled (Piry et al. 2004) . L_home/L_max is the ratio of L_home to the highest likelihood value observed in all sampled populations, including the population where the individual was sampled . This likelihood estimation is appropriate when all source populations are thought to have been sampled (Piry et al. 2004) . Because the populations sampled in our study correspond to the only known V. niloticus populations in Florida, we initially used the 'L_home/L_max' likelihood estimation (Piry et al. 2004 ).
Effective Population Size and Demographic Changes
To investigate the probability of inbreeding in the introduced V. niloticus populations, we estimated the effective population size (N e ) of each population with NeESTIMATOR 2.0 (Do et al. 2014) using the 1-sample methods including the linkage disequilibrium method (Waples and Do 2008) and heterozygote-excess method (Zhdanova and Pudovkin 2008) . The linkage disequilibrium method takes advantage of the non-random association of alleles across loci that often develops in small populations, while the heterozygoteexcess method is based on the observation that a small number of breeding individuals in a population often produces progeny with an excess of heterozygotes (Zhdanova and Pudovkin 2008) . These results were also compared to N e estimates provided by the approximate Bayesian computation method of the web-based program ONeSAMP (Tallmon et al. 2008) We tested for evidence of recent population bottlenecks in the Florida populations by examining deviations from expected heterozygosity using the program BOTTLENECK 1.2.02 (Piry et al. 1999) . Deviations were assessed under the stepwise mutation model (SMM), infinite alleles model (IAM), and the 2-phase model (TPM) with 70% SMM. The data were analyzed with 1000 iterations and the sign test, Wilcoxon signed-rank test, and mode-shift test implemented by BOTTLENECK were used to assess significance. We additionally performed the Mode-shift test in BOTTLENECK to examine whether the distribution of allele frequencies displayed a mode-shift distortion in which alleles in low-frequency classes become less abundant than alleles at intermediate frequencies, a characteristic sign of a recent population decline (Luikart et al. 1998) . This is in contrast to the L-shaped distribution typically displayed by constant-sized populations. Finally, we calculated M-ratios (Garza and Williamson 2001) in EXCEL using the output from GENALEX. M-ratios are defined as the ratio of k (total number of alleles) to r (overall range in allele size), where low values are indicative of recent reductions in population size (Garza and Williamson 2001) . All M-ratios were assessed against a critical value of 0.68 as suggested by Garza and Williamson (2001) on the basis of a survey they performed of putatively stable and unstable animal populations from a variety of taxa (also see Peery et al. 2012 ).
Introduction Scenario Testing
To distinguish among distinct introduction scenarios for the Florida V. niloticus populations, we used DIYABC 2.1.0 (Cornuet et al. 2014) . The number of possible scenarios was narrowed down based on occurrence records, our gene flow and population bottleneck results (see results section), as well as previous data showing that all 3 Florida populations originated from the same source population in West Africa (Dowell 2015) . A total of 8 introduction scenarios were considered, with all scenarios hypothesizing a population bottleneck following each introduction event ( Figure 2 ). Scenarios 1-4 describe the Florida populations originating from 3 independent introduction events. In scenario 1, all populations were introduced at the same time, while scenarios 2-4 hypothesize that the populations diverged from the ancestral source population at different time periods, indicating different introduction times. Serial introduction scenarios 5 and 6 involve the West Palm Beach and Homestead populations originating from the Cape Coral population, rather than independently from the source population. Lastly, scenarios 7 and 8 describe more complex serial introduction pathways, where the Cape Coral population originated from the source population, the next population originated from Cape Coral, and the third population originated from the second. Because V. niloticus individuals in Cape Coral were first observed over 10 years prior to those in the other 2 locations, we did not consider scenarios where the West Palm Beach or Homestead populations were introduced first.
For all analyses, prior distributions were uniform and defined as follows: 1 < N <10,000; 1 < NA < 50,000; 1 < N f < 100; 1 < db < 20; 1< t 1 ≤ t 2 ≤ t 3 < 100; where "N" denotes the current effective population size, "NA" denotes the ancestral (source) effective population size, "N f " denotes the effective number of founding individuals, "db" denotes the bottleneck duration in generations, and "t" the time in generations. To assess how the prior distributions affect the results, we performed a second analysis in which we modified the effective population size prior to a more realistic value (1 < N < 100), and kept the remaining priors the same. For the microsatellite mutation model, priors were set to default values which included the Generalized Stepwise Mutation model (Estoup et al. 2002) , and a uniform prior distribution for both the mean mutation rate (1E −4 to 1E −3 ) and the geometric distribution (1E −1 to 3E −1
). Summary statistics included the mean number of alleles, mean genic diversity, and mean size variance for both the "1-sample" and "2-sample" statistics. Additionally, we used the mean Garza-Williamson's M index ("1-sample statistic") as well as pairwise F ST values and the mean classification index ("2-sample statistics"). For each scenario, we simulated 1 million datasets, for a total of 8 million.
To distinguish among the various introduction scenarios, we performed 2 separate analyses: (A) comparing all 8 scenarios, and (B) comparing scenario 1 to the serial introduction scenarios (5-8). For each analysis, the optimal scenario was selected based on posterior probabilities compared using the logistic regression analysis implemented in the program, using the 1% closest simulated data sets. To evaluate the confidence in our optimal scenario, we analyzed 100 simulated pseudo-observed data sets (pods) for each scenario, using parameter values drawn from the same prior distribution as our previous analyses. The relative posterior probabilities of each scenario were calculated for every pod and then used to estimate type I and type II error rates. Posterior distributions of the parameters were computed for the most likely scenario, using the logit transformation. Confidence in the parameter estimations was assessed by calculating relative bias and relative root mean square error, using 500 test data sets and the mode as the point estimate.
Data Availability
In accordance with the Journal of Heredity data archiving policy (Baker 2013) , we have deposited the primary data underlying these analyses as follows:
• Microsatellite genotypes: Dryad • DNA sequences: Genbank accessions KT591094-KT591110
Results
Summary Statistics and Quality Control
The summary statistics and genetic diversity estimates computed for the 17 loci we used for genotyping clearly show that all 3 populations of V. niloticus have limited diversity (Table 2) . Upon performing Holm's (1979) correction for multiple testing via treating the tests associated with each population as a family of tests, there were no statistically significant departures from Hardy-Weinberg proportions in the Cape Coral or West Palm Beach populations. However, in the Homestead population, Mon14 exhibited statistical evidence of homozygote excess. Not surprisingly, MICRO-CHECKER detected evidence for null alleles at Mon14 in the Homestead population; however, MICRO-CHECKER did not detect any evidence for null alleles in the West Palm Beach or Cape Coral populations. Upon correcting for multiple testing (Holm 1979 ; see above), there was no statistical evidence for genotypic disequilibrium among any of the pairs of loci in the Homestead or West Palm Beach populations. However, there was statistical evidence for genotypic disequilibrium between Mon1-Mon14 and Mon3-Mon8 in the Cape Coral Population. Because some loci were monomorphic in some populations, but not others, exact tests for Hardy-Weinberg proportions and pairwise genotypic disequilibrium could not be computed for all loci in all populations. As can be seen by examining the rarefaction curves shown in Supplementary Figure 1 , > 50% of the loci exhibit or approach asymptotic behavior in the 3 respective populations, meaning that most of the allelic variation was likely sampled despite substantial differences in sample sizes across populations.
Assessment of Population Differentiation
We excluded Mon14 and Mon3 prior to performing analyses in GENALEX, ARLEQUIN, STRUCTURE, and GENECLASS2, as the approaches we implemented in these software packages assume independence among loci. Mon14 was dropped in place of Mon1 because Mon14 exhibited evidence of null alleles in the Homestead population, and Mon3 was dropped in place of Mon8 because Mon8 exhibited higher levels of diversity in 2 of the 3 populations sampled (Table 2) . Locus-specific G ST estimates across all 3 populations (i.e., "global" estimates of differentiation) ranged from 0.079 to 0.490 and were, without exception, highly statistically significant (maximum P = 0.0013). Similarly, all locus-specific G″ ST estimates were highly statistically significant (maximum P = 0.0011), with values ranging from 0.286 to 0.912. The global G ST estimate that resulted from combining information across all loci was 0.268 (SE = 0.037, P = 0.0001) and the global estimate for G″ ST The AMOVA also suggested a high degree of genetic structure (Table 3 ). In addition, the AMOVA yielded a negative variance component, which, in turn, resulted in a negative estimate of F IS (Table 3) . While slightly negative variance components may occur when the actual value of an estimated parameter is zero, the directionality of the F IS estimate obtained via AMOVA is generally consistent with the population-specific, locus-by-locus estimates of F IS obtained from GENEPOP (Table 2 ). In addition, the substantive, albeit lesser, magnitude of the within-population variance component relative to the among population and within-individual variance components (Table 3) suggests that the negative within-population variance component may reflect the mild heterozygote excess observed in all 3 populations, which can occur in small populations and following population bottleneck events (Robertson 1965; Rasmussen 1979; Maruyama and Fuerst 1985; Falconer 1989) .
The genetic relationships among Florida's Nile monitor populations were visualized via PCA, with the first 2 principal components accounting for 32.04% of the variation in the data (Figure 3) . Each population formed a discrete cluster, with no overlap among individuals. The general conclusion that all 3 populations exhibit pronounced differentiation was reinforced by the analyses we performed in STRUCTURE. As shown in Supplementary Figure 2 , the optimal value of K is 3. Moreover, STRUCTURE recovered our sampling scheme by unambiguously assigning all 10 Homestead, all 17 West Palm Beach, and all 40 Cape Coral individuals to the 3 respective clusters (Figure 4) . Collectively, these results reinforce the view that the 3 documented V. niloticus populations in Florida are the result of separate introduction events. 
Among-Population Gene Flow
The overall pattern of pronounced genetic differentiation that we inferred from the analyses described above was corroborated by our assessments of gene flow. The results of BayesAss (Table 4) suggest that the proportion of migrants among all pairwise comparisons is very low compared to the degree of self-recruitment. Each population exhibited signatures of genetic isolation, showing high proportions of the genetic contribution (97-99%) originating from within the same population. The assignment-based analyses, performed in GENECLASS2, correctly assigned all 67 individuals to the locales from which they were sampled ( Figure 5) . Consequently, the 'L_home/L_max' statistics (see above) provided no evidence of first-generation migrants between any of the populations we sampled (all -log(L_home/L_max) = 0.0000, minimum P-value across all 67 samples = 0.5000). However, 1 individual from Homestead (P Homestead = 0.0013), 1 individual from West Palm Beach (P WPB = 0.0036), and 1 individual from Cape Coral (P CC = 0.0086) were below the threshold of the assignment analysis (α = 0.01), raising the possibility that these individuals were introduced to these populations from unknown sources. We therefore repeated the migrant detection analysis in GENECLASS2 using the L_home likelihood estimation, which produces a more appropriate test statistic when all potential sources of migrants have not been sampled (Piry et al. 2004) . Interestingly, the results of these tests suggest that the Homestead individual (−log(L_home) = 14.08, P = 0.0031), the West Palm Beach individual (−log(L_home) = 8.215, P = 0.0032), and the Cape Coral individual (−log(L_home) = 9.5470, P = 0.0081) are all first generation immigrants from unknown sources.
Effective Population Size and Demographic Changes
Across methods, the N e for all Florida V. niloticus populations was estimated to be very low, ranging from 3.2 to 21.2 (Table 5 ). In general, the estimated N e for the Cape Coral population was slightly higher than the Homestead and West Palm Beach populations.
BOTTLENECK detected significant heterozygosity excess in all Florida V. niloticus populations, indicating recent population declines (Table 6 ). Although admixture following separate introductions from differing source populations may also increase heterozygosity levels in introduced populations (Kolbe et al. 2007) , the low overall genetic diversity of the introduced V. niloticus populations, in addition to the tight genetic clustering observed in the PCA, suggests that each population was derived from a single introduction event. Therefore, this excess of heterozygotes, relative to HardyWeinberg proportions, detected for each population likely resulted from reduced population sizes. The Wilcoxon test and Standardized Differences test all produced significant P-values across mutation models for every population (with the exception of the Standardized Differences test for Homestead under SMM). Additionally, the Sign test showed significant values for all populations under the IAM, and for the West Palm Beach and Cape Coral populations under the TPM. The Mode-shift test detected a distorted allele frequency distribution, indicative of population decline, in all Florida V. niloticus populations. Lastly, the calculated M-ratios for both the Homestead and Cape Coral populations were below, albeit within 1 SEM, of the critical value of 0.68, which is suggestive of population bottlenecks.
Introduction Scenario Testing
Introduction scenario testing revealed that hypothesizing independent introductions events (scenarios 1-4) produced higher posterior probabilities than hypotheses postulating other scenarios ( Figure 6A ; Table 7 ). Scenario 1, in which all 3 Florida populations originated independently from the source population around the same time, showed the highest likelihood (Figure 2 ). This was followed closely by scenario 2, in which the West Palm Beach and Homestead populations were introduced more recently than the Cape Coral population.
When analyzing all scenarios together (analysis A), the most likely scenario (scenario 1) showed relatively high error rates, indicating that it could not be unambiguously differentiated from the other independent introduction scenarios, which differed only by the timing of introduction (2-4; Table 7 ). However, when comparing scenario 1 only to the serial introduction scenarios (analysis B), the posterior probability and error rates significantly improved ( Figure 6B ; Table 7 ). This indicates that the hypothesis of independent introduction events for the 3 V. niloticus population in Florida is supported over the serial introduction scenarios.
Parameters estimated for scenario 1 showed that the effective number of founding individuals ranged from 12.8 to 21.5 ( Figure 6C ; Supplementary Table 1) ; however, lack of a clear peak for the current N e prevented accurate estimation of this parameter. The N e for the source population was estimated to be around 5850 individuals and the timing of the introductions likely occurred around 9.7 generations (~19 years) ago. The posterior distributions for these parameters are shown in Figure 6C . The bias indices for each of the Table 1) indicating that the estimated parameters are robust. For all analyses, both sets of priors produced consistent outcomes, and the results of the second analysis (with prior distribution 1 < N < 100) are presented in Supplementary  Tables 2 and 3 .
Discussion
Conceptual Framework and Intrapopulation Patterns
The fact that invasion is a common biological phenomenon was once considered to be a genetic paradox (Allendorf and Lundquist 2003; Frankham 2005; Lawson Handley et al. 2011 ). The first reason for this is that rates of adaptive evolution depend critically on additive genetic variation (Fisher 1958) . Hence, recently founded populations with reduced genetic variation are expected to have limited capacities for adaptive evolution, as they struggle to become established in novel environments (Allendorf and Lundquist 2003) . The second reason for an ostensible genetic paradox stems from the dynamics of small populations, in which loss of genetic diversity due to drift and elevated inbreeding (Frankham et al. 2010 ) is expected to act against would-be invaders during the earliest phases of their establishment. Over the past decade, much progress has been made in understanding the genetic dynamics associated with invasion (reviewed by Lawson Handley et al. 2011 ). Importantly, a number of studies have shown that phenomena such as multiple introductions followed by admixture (Kolbe et al. 2004; 2008; Facon et al. 2008 ) and a lack of correlation between molecular and quantitative genetic diversity (e.g., Reed and Frankham 2001; Dlugosch and Parker 2008) may resolve the "genetic paradox of invasion biology". Indeed, invasion is now typically conceptualized as a multistage process that entails a lag phase, during which adaptations that facilitate invasiveness arise, followed by rapid range expansion (Keller and Taylor 2008) . As such, catching potentially problematic populations early during the invasion process is of critical importance from a management perspective.
Although definitive conclusions about reductions to genetic diversity would require comparisons to populations in the native range (sensu Dlugosch and Parker 2008), our results do suggest that V. niloticus populations in Southern Florida are in the process of recovering from recent bottlenecks. Assessments of heterozygosity excess (BOTTLENECK) and allele distributions (M-ratio) both provided evidence of recent population declines in all 3 Florida V. niloticus populations. The view that these populations are still recovering from founder effects is additionally supported by our estimates of genetic richness (mean number of alleles per locus between 2 and 3 in all 3 populations), which are low when compared to estimates from microsatellite surveys of native, non-threatened varanid populations (Fitch et al. 2005; Fu et al. 2011 ) as well as native V. niloticus populations under harvest pressures . Furthermore, the current N e estimated for all 3 Florida populations was low compared to assessments of native V. niloticus populations . Nevertheless, because none of the Florida populations of V. niloticus are inbred (see below) and most loci had 9.5-66.2) 6.7 (4.1-24.1) 18.0 (13.2-26.8) more than 1 allele present at appreciable frequencies, heterozygositybased measures of diversity were more substantial (0.410 < mean H e < 0.460 in all 3 populations). Indeed, the degree of similarity in genetic richness and diversity among the 3 Florida populations (see Table 2 ) is rather remarkable given that these populations are generally assumed to be quite different in size (Cape Coral >> West Palm Beach >> Homestead) and time since establishment (by ca. 1990 , 2000 Enge et al. 2004; Campbell 2005) . Perhaps most surprising is that the large, comparatively old, and deeply sampled Cape Coral population had the lowest diversity among the 3 populations, raising the possibility that this population was established by a smaller and/or less diverse group of founders than the Homestead and West Palm Beach populations (see below). A recent study by Dowell et al. (2015) examined the fine-scale genetic patterns of V. niloticus populations in West Africa under varying levels of exploitation pressure, and represents the only population-level assessment of native V. niloticus populations. For the 4 discrete populations that were inferred from microsatellite data, both genetic diversity and effective population size estimates were larger than for the introduced populations examined here, displaying H e values between 0.328 and 0.429, and N e estimates ranging from 10.9 to 1,327.27, depending on the population and method of analysis . However, this study does not provide information on unharvested populations, and thus the results may not be representative of native V. niloticus populations across their full distributions. Additionally, because the previous study utilized different microsatellite markers than our present investigation, we were unable to make direct comparisons between these parameters.
Genetic Structure and Introduction Scenario
We assessed the degree of genetic structure among the Cape Coral, Homestead, and West Palm Beach populations via several independent analyses that are based on a variety of conceptual and computational frameworks. In all cases, the results suggest there is marked genetic differentiation among South Florida's documented V. niloticus populations. Interestingly, the pair-wise G statistics that we calculated revealed that all 3 populations exhibit similar levels of differentiation (see above), lending credence to the preliminary results of ongoing work suggesting that Florida's documented Nile monitor populations are all derived from a single evolutionary lineage in West Africa (Dowell et al. unpublished data) . One of the approaches to assignment that we used (GENECLASS2) explicitly failed to detect migrants among the 3 populations and the other approaches explicitly indicated that there is little evidence for admixture.
Approximate Bayesian computation (ABC) has been widely used to differentiate complex models (reviewed in Beaumont 2010), including large numbers of complex introduction scenarios for invasive species (Auger-Rozenberg et al. 2012; Boissin et al. 2012; Boubou et al. 2012; Konečný et al. 2013; Benazzo et al. 2015) . Upon introduction, populations may undergo stochastic processes, such as genetic drift and admixture, producing complicated genetic signatures that are undetectable by most genetic analysis methods (Guillemaud et al. 2010) . The model-based approaches underlying ABC analyses are superior to other methods, including maximum-likelihood, for identifying complex demographic scenarios (Beaumont 2010; Guillemaud et al. 2010 ). While our introduction scenario analysis could not differentiate among hypotheses differing in the timing of introduction events, we found strong support for independent introductions over serial introduction hypotheses. The inferred timing of introduction (approximately 19 years ago) roughly corresponds to when the first V. niloticus individuals were observed in Florida. Additionally, this analysis suggests that the Cape Coral population was founded by fewer individuals than the other populations, which is reflected in the lower genetic diversity estimates for Cape Coral (see above). Collectively, these results strongly support the view that the V. niloticus populations in Cape Coral, Homestead, and West Palm Beach resulted from independent introduction events and that these populations are not connected by substantive gene flow. Although these findings are encouraging in terms of management plans aimed at control and/or eradication, the possibility of additional populations and/or releases raised by our analysis in GENECLASS2 is cause for concern. While it is true that none of the P values associated with the −log(L_home) tests for first generation migrants would pass a multiple-testing correction that adjusted across all individuals (0.05/67 ~ 0.0007 and minimum P = 0.0031), numerous unverified sightings of V. niloticus have been reported in 5 counties that have no confirmed breeding populations (Florida Wildlife Commission 2015) . As such, the identification of putative migrants from unknown sources in all 3 populations is not particularly surprising.
Conclusion and Management Recommendations
In this article, we present data that are consistent with the idea that Southern Florida's V. niloticus populations are still in the relatively early stages of the invasion process. All 3 populations that we sampled exhibit limited genetic diversity and show signs of drift-mutation disequilibrium. In addition, anecdotal information on area occupied and yield as a function of trapping effort suggest that the West Palm Beach and Homestead populations are still relatively small. Our data also strongly suggest that V. niloticus has been introduced to Southern Florida on at least 3 separate occasions, as the Cape Coral, Homestead, and West Palm Beach populations are all well differentiated from one another genetically. Given the roles that multiple introductions, admixture, and heterosis may play in the invasion process (Facon et al. 2008; Facon et al. 2011 ), this result is simultaneously encouraging and cause for concern. In contrast to our findings, multiple introduction events followed by admixture have made many invasive brown anole (Anolis sagrei) populations in Florida more diverse than the native Cuban populations from which they are derived (Kolbe et al. 2004) . Moreover, analyses of 7 additional invasive Anolis species in Florida and the Dominican Republic led Kolbe et al. (2007) to hypothesize that admixture between independently introduced individuals of varied genetic background may be a common mechanism by which genetic variation in invasive populations becomes elevated after the initial bottlenecks associated with founding events. Thus, it is imperative that wildlife managers focus on containment strategies aimed at preventing inter-regional admixture, which could enhance the invasiveness of V. niloticus in Florida. Given Florida's extensive network of canals, the high mobility of V. niloticus, and the number of confirmed sightings (Figure 1 ; Table 1 ) in regions removed from the 3 documented populations examined in this study, it is possible, if not likely, that intra-regional dispersal is already occurring. Indeed, the existence of metapopulations and hierarchical population structure is a potential explanation of the genetic evidence we present for migrants from unknown sources. As such, concerted follow-ups on credible sightings are warranted.
It is noteworthy to mention that V. niloticus has been listed as a conditional species by the Florida Wildlife Commission since 2010. Therefore, only breeders, public exhibitioners, researchers, and nuisance trappers that have obtained a permit, for which they must maintain records for each animal they possess, can keep and/ or transport V. niloticus (http://myfwc.com/wildlifehabitats/nonnatives/regulations/snakes-and-lizards/). Consequently, it is unlikely that the pet trade is still contributing to ongoing introductions in Florida. At present, treating the regions around Cape Coral, West Palm Beach, and Homestead as separate management units appears to be a sensible management strategy. However, the situation should continue to be monitored for evidence of gene flow and admixture.
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